This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the appHcant. 

Defects in the images may include (but are not hmited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



H0804794fB1)rhttp://www.micr6patent.com/838414498212/11^ 



Page 1 of 23 



(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 0 804 794 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
07.04.1999 Bulletin 1999/14 

(21) Application number: 96903425.5 

(22) Date of filing: 11.01.1996 



(51) lntCI.6: G11B 21/21 

(86) International application number: 
PCT/US96y00346 

(87) International publication number; 

WO 96/22596 (25.07.1996 Gazette 1996/34) 



(54) NON-DESTRUCTIVE IN-SITU LANDING VELOCITY DETERMINATION OF MAGNETIC RIGID 
DISK DRIVES 

ZERSTORUNGSFREIE IN-SITU LANDUNGSGESCHWINDIGKEITSFESTSTELLUNG VON 
MAGNETISCHEN FESTPLATTESPEICHERN 

DETERMINATION NGN DESTRUCTIVE IN-SITU DE LA VITESSE DE DESCENTE DANS DES 
UNITES A DISQUE IVIAGNETIQUE RIGIDE 



(84) Designated Contracting States: 
DEGB 

(30) Priority: 19.01.1995 US 375087 

(43) Date of publication of application: 
05.11.1997 Bulletin 1997/45 

(73) Proprietor Seagate Technology, Inc. 
Scotts Valley, OA 95066 (US) 

(72) Inventors: 

• TIAN, Hong 

Milpitas, OA 95035 (US) 

• BRIGQS, Christopher, Horizon, Walker 
Colorado Springs, CO 80508 (US) 



m 

O) 



O 
CO 

o 

Q. 
lU 



• CHIANG, Chisin 

Santa Clara, CA 95054 (US) 

• LEE, Jia-Kuen, Jerry 
San Jose, C A 95131 (US) 

(74) Representative: Bayliss, Geoffrey Cyril et al 
BOULT WADE TENNANT, 
27 Furnival Street 
London EC4A1PQ (GB) 



(56) References cited: 
EP-A- 0 203 207 
US-A-4 532 802 



EP-A- 0 256 356 
US-A- 5 168 413 



• PATENT ABSTRACTS OF JAPAN vol. 1 1 , no. 1 70 
(P-581), 2 June 1987 & JP,A,62 001177 
(FUJITSU), 7 January 1987, 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may gh/e 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1 ) European Patent Convention). 



Printed by Jouve, 7S001 PARIS (FR) 



iP0804794(B1)fhttp://vww,micropatent.com/838414498212/11648277/EP0804794(^ 



Page 2 of 23 



1 

Description 

Field of the Invention 

[0001 ] The present invention is directed to disk drives. 
More particularly, the present invention provides an ef- 
ficient and reliable system and method for detecting a 
worst case landing velocity for sliders in the disk drive. 

Background of the Invention 

[0002] Disk drives are commonly used in worksta- 
tions, personal computers, laptops and other computer 
systems to store large amounts of data that are readily 
available to a user. In general, a disk drive comprises a 
magnetic disk that is rotated by a spindle motor. The sur- 
face of the disk Is divided into a series of data tracks that 
extend circumferentially around the disk. Each data 
track can store data In the form of magnetic transitions 
on the disk surface. 

[0003] A head includes an interactive element, such 
as a magnetic transducer, that Is used to sense the mag- 
netic transitions to read data» or to conduct an electric 
current that causes a magnetic transitbn on the disk sur- 
face, to write data. The magnetic transducer includes a 
read/write gap that positions the active elements of the 
transducer at a position suitable for Interaction with the 
magnetic surface of the disk. 

[0004] The head further comprises a slider that 
mounts the transducer to a rotaiy actuator arm, typically 
via a flexure element arranged between the slider and 
actuator arm to accommodate movement of the head 
during operation of the drive. The actuator arm operates 
to selectively position the head, including the transducer 
and slider, over a preselected data track of the disk to 
either read data from or write data to the preselected 
data track of the disk, as the disk rotates below the trans- 
ducer. 

[0005] In modern disk drives, the slider is configured 
to include an air bearing surface that causes the head, 
and thus the transducer, to fly above the data tracks of 
the disk surface due to interaction between the air bear- 
ing surface of the slider and fluid currents that result from 
the rotation of the disk. The amount of distance that the 
transducer flies above the disk surface is referred to as 
the "fly height." As should be understood, due to oper- 
ation of the air bearing surface, the transducer does not 
physically contact the disk surface during normal read 
and write operation of the disk drive to minimize wear 
during operation of the drive. 

[0006] The fly height for a slider refers to the height 
reached by the slider when the disk is rotating at its op- 
erational rotational velocity, i.e. the number of rotatfons 
per minute (rpm's) at which the disk drive was designed 
to operate. The fly height Is designed to be at a level 
sufficient to Insure that the transducer is spaced from 
the disk surface a distance suitable to maintain negligi- 
ble contact between the head and disk surface during 
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normal disk operation. In any disk drive product, the sur- 
faces of the disks are typically not perfectly smooth and 
flat. There are peaks and valleys formed on the disk sur- 
face. The design fly height should be sufficient, e.g. to 

5 generally avoid head/disk contact, despite the passage 
of disk surface peaks below the head. 
[0007] When the disk drive is not operating, the rota- 
tion of the storage disk is stopped, and the air bearing 
surface of the head does not act to cause the transducer 

10 to fly. Under such circumstances, the head, including the 
slider and transducer! comes to rest on the disk surface. 
Typically, the actuator is operated prior to power down 
of the disk drive, to position the head over a landing zone 
provided on the disk surface at a location spaced away 
from any of the data tracks. 

[0008] In a known contact stop operation of a disk 
drive, at power down of the drive, the fly height of the 
head gradually decreases as the rotational velocity 
slows, until the head comes into contact with the disk 

20 surface at the landing zone. The rotational velocity of 
the disk at which a head first contacts a disk surface Is 
referred to as the "landing" velocity. Thereafter, the head 
remains in contact with the disk surface until and after 
rotation of the disk comes to a complete stop. The use 

25 of a landing zone prevents any damage to data tracks 
that may occur due to contact between the head and the 
disk surface. However, any contact between the head 
and the disk surface may result in damage to the trans- 
ducer, and, In any event, contributes to wear of the head 

30 and disk surface. 

[0009] This is also true when the disk drive Is started 
again in a contact start operation. A contact start oper- 
ation causes the commencement of rotation of the disk 
while the head is still in contact with the landing zone. 

35 The head remains in contact with the disk surface during 
acceleration of the disk, until the rotatbnal velocity of 
the disk reaches, a "take-off" velocity. The take-off ve- 
locity is the rotational velocity of the disk at which the air 
bearing surface first acts to lift the head from the disk 

40 surface such that contact between the slider and the 
disk surface is negligible. The take-off velocity Is approx- 
imately equal to the landing velocity. 
[0010] It is a goal of disk drive manufacturers to limit 
wear caused by contact between the head and disk sur- 

45 face, particularly during contact stop and start opera- 
tions, to assure a more reliable mechanical performance 
of the disk drive. To that end, disk drive designs seek to 
accomplish disk drive operation wherein a head com- 
mences flying operation within an acceptable margin of 

50 rotational velocity measured from the operational rota- 
tional velocity for the disk. 

[0011] For example, it has been detemriined that me- 
chanical performance for a particular drive is likely to be 
acceptable for a relatively long work life when the head 
55 lifts off from or lands on the disk surface at a rotational 
velocity equal to approximately seventy per cent of the 
operational rotatbnal velocity of the drive. In general, 
the fly height of a head is proportional to the rotational 
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velocity of the disk, once the take-off velocity has been 
reached. In other words, the faster the disk is spinning, 
the higher the fly height of the head. It has been found 
that if flying operation (the take-off velocity) for a head 
is achieved by, e.g., seventy per cent of the operational 
velocity, the desired fly height should be reached by the 
head when the disk Is accelerated up to the operatbnal 
velocity. If the take-off velocity is greater than seventy 
per cent of the operational velocity, there is a significant 
likelihood that the head does not reach the desired fly 
height when the disk is accelerated to the operational 
velocity, leading to excessive wear and premature me- 
chanical failure of the disk drive. 
[001 2] i n addition, when the take-off or landing veloc- 
ity is greater than seventy per cent of the operational 
velocity, the head remains in contact with the disk sur- 
face (i.e. the total sliding distance of the head on the 
disk surface during either a contact start or stop opera- 
tion) for a total length of disk surface that is likely to result 
in excessive wear of the head/disk interface. 
[0013] During manufacture of disk drives, it is desira- 
ble to be able to test each individual disk drive to deter- 
mine the take-off and/or landing velocity for each head 
in the drive as a quality control procedure to insure that 
each head in the disk drive is operating to lift off from or 
land on the disk surface with a minimal sliding distance, 
and, in a contact start operation, is operating to reach 
the design fly height at the operational rotational velocity 
of the disk. However, there is not presently available a 
reliable and efficient system or method to determine 
take-off velocity values on a drive -by-drive basis, partic- 
ularly for disk drives having multiple disks and heads. 
[001 4] Previous proposals, in EP-A-0 256,356 and U. 
S.P 5,168.413 involve recording a signal having a 
known frequency on a preselected track of the disk while 
the disk is rotating at a preselected rotational velocity 
and then reading back the signal at one or more different 
rotational velocities of the disk, including a rotational ve- 
locity corresponding to an expected take-off velocity. 
Contact between the slider and disk surface affects the 
signal read back from the disk. Knowledge of how the 
read back signal is affected can be applied to analyze 
the signal for evidence of slider/disk contact. The ana- 
lyzer can include frequency or amplitude demodulation 
of the read back signal for indications of slider/disk con- 
tact, and, e.g., measurement of the rotational velocity at 
which the read back signal first indicates slider/disk con- 
tact. Such a velocity measurement will generally corre- 
spond to the take-off velocity of the particular slider. 
[0015] The methods and apparatuses described in 
the previous proposals suffer from shortcomings such 
as limited bandwidth for effective demodulation of the 
read back signal, time consuming procedures for detect- 
ing the read back signal and poor signal-to-noise ratios 
diminishing the accuracy and sensitivity of the detection 
process. In additk)n, the prior proposals are not suffi- 
ciently economical for implementation in a mass produc- 
tion operation to quickly and efficiently test each and 



every disk drive product being manufactured. 
Summary of the Invention 

5 [0016] The present invention provides a method for 
accurately and efficiently detecting a worst case landing 
velocity for the heads in a disk drive product during man- 
ufacture of the product, as specified in Claims 1 , 3, 5, 
9. 10. The worst case landing velocity corresponds to 

10 the landing velocity of the first head to contact a disk 
surface in a controlled power down of the disk drive 
product. 

[0017] The present invention recognizes that one of 
the effects of slider/disk contact is an acoustic emission 
IS from mechanical components of the disk drive, such as, 
e.g., the spindle motor. According to the present inven- 
tion, the acoustic emissions caused by slkJer/disk con- 
tact are sensed by an acoustic emission sensor and the 
sensed acoustic emissions are correlated to the rota- 
te tional velocity of the disks of the disk drive product at 
the time the acoustic emissions indicative of slider/disk 
contact are first sensed, to provide landing velocity in- 
formation. 

[0018] In an exemplary embodiment of the present in- 
2S vention, an acoustic emission sensor is securely acous- 
tically coupled to the spindle motor of a disk drive device 
under test. The acoustic sensor receives acoustic emis- 
sions from the spindle motor and operates to transduce 
the acoustic emissions into corresponding electric sig- 
30 nals. The acoustic emissions emanating from the spin- 
dle motor include emissions caused by vibrations of the 
motor itself, as well as emissions caused by mechanical 
vibrations that result from contact between any one of 
the heads in the disk drive devbe under test and the 
35 respective disk surface (slkier/disk contact). According- 
ly, the acoustic emission sensor outputs electric signals 
indicative of the occurrence of any slider/disk contact 
within the device under test. 

[0019] Pursuant to the present inventbn, the spindle 
40 motor is initially powered to accelerate the disks up to 
the operational velocity designed for the device under 
test. Thereafter, the power to the spindle motor is shut 
off, and the disks are allowed to spin down to zero ve- 
locity. 

4S [0020] Pursuant to another feature of the present in- 
ventbn, an electric probe is coupled to electric leads 
used to power the spindle motor. After the power to the 
spindle motor is shut off, the probe attached to the spin- 
dle motor power leads is used to measure a back EMF 
so generated by the continuing rotation of the spindle mo- 
tor. A back EMF is an electric voltage generated by the 
rotation of components of a conventional electric motor, 
such as the rotor, and typically pulsates at a frequency 
that is proportbnal to the rotational velocity of the rotat- 
es ing components. Inasmuch as the rotor is typically used 
to directly rotate the disks of a disk drive, the spindle 
motor rotor rotatbnal vekx;ity. as represented by the 
generated pulsating back EMF, is indicative of the rota- 
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tlonal velocity of the disks at any time during the spin 
down of the disks after shut down of the power to the 
spindte motor. 

[0021] The output of the probe is continuously proc- 
essed during spin down to correlate the back EMF val- 
ues to corresponding rotational velocities of the disks of 
the device under test. At the same time, the output of 
the acoustic emission sensor is monitored to determine 
when an indication of slider/disk contact first occurs. Up- 
on determination of a first indication of slider/disk con- 
tact from the electric signal output of the acoustic emis- 
sion sensor, the rotational velocity of the disk, as indi- 
cated by the back EMF value from the probe at the time 
of the first slider/disk contact, is recorded. 
[0022] The recorded rotational velocity corresponds 
to the landing velocity of at least the first one of the 
heads in the device under test to contact a disk surface. 
The recorded velocity is compared to a threshold veloc- 
ity, which can be set at, e.g., seventy per cent of the 
operational velocity designed for the device under test. 
If the recorded velocity, as determined from the back 
EMF reading from the probe, is equal to or less than the 
threshold value, then all of the heads of the device under 
test are operating at acceptable levels of fly height. This 
is because the test according to the present invention 
established a first indication of contact between any of 
the heads of the device under test and a respective disk 
surface, at a value of rotational velocity at or less than 
seventy per cent of the operational velocity of the disk 
drive. Inasmuch as the disks of the device under test 
are spinning down to zero velocity, any subsequent slid- 
er/disk contacts will occur at even lower rotational ve- 
locities. 

[0023] As noted above, the landing velocity for a head 
is generally equal to the take-off velocity for the head. 
Thus, the use of the landing velocity method according 
to the present invention provides an Indication of take- 
off velocity performance for the heads of a disk drive 
device under test. If the comparison between the record- 
ed rotational velocity and the threshold value indicates 
that the recorded velocity is greater than the threshold 
value, then it will be known that at least one of the heads 
of the device under test is not achieving fly height oper- 
ation according to the design specification of. the disk 
drive. 

[0024] The landing velocity information provided by 
the present invention can be used during a disk drive 
mass manufacturing operation to screen those disk 
drive products wherein at least one of the heads comes 
into contact with a respective disk surface at a landing 
velocity greater than, e.g.. seventy per cent of the rota- 
tional velocity at which the disk drive product was de- 
signed to operate. Any disk drive product that fails to 
evidence an acceptable landing velocity for all of its 
heads is rejected and removed from the mass produc- 
tion operation for further testing and repair. 
[0025] The acoustic emission, back EMF probe ar- 
rangement of the present invention provides a straight- 
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forward, highly efficient and economical mechanism 
able to be implemented in a mass production environ- 
ment to quickly test each and every disk drive product 
passing through the manufacturing process, for accept- 
5 able fly height operation. To advantage, any disk drive 
product that fails to evidence an acceptable landing ve- 
locity upon acoustic emission testing, can be subjected 
to a frequency demodulation test to determine the take- 
off or landing velocity for each indivkJual head in the 
10 failed disk drive, to thereby identify which individual 
head or heads need to be repaired. The frequency de- 
modulation test can be performed according to the test 
method taught in U.S. Applicatbn Serial No. [Docket No. 
9408-001] entitled FM DETECTION OF SLIDER-DISK 
^5 INTERFACE, filed on even date herewith in the name 
of Li-Yan Zhu and assigned to the assignee of the 
present application. The specification of the aforemen- 
tioned co-pending application is hereby expressly incor- 
porated by reference. 

20 

Brief Description of the Drawings 

[0026] Figure 1 is perspective view of an exemplary 
disk drive. 

25 [0027] Figure 2 is a block diagram of a test system 
according to the present invention to determine a worst 
case landing velocity for heads in a disk drive devbe 
under test. 

[0028] Figure 3 is a graph illustrating the relationship 
30 between an acoustic emission signal and drive velocity 
of a disk, over time. 

[0029] Figure 4 Is a graph illustrating the relationship 
between an acoustic emission signal and drive velocity 
of a disk, over time, including the effects of acoustic 
3$ emission signals caused by slider/disk contact. 

[0030] Figure .5 is a graph illustrating fly height for a 
head versus rotatk>nal velocity of a disk over which the 
head is flying. 

[0031] Figure 6 is a block diagram for a frequency de- 
40 nrx)dulation test that can be used in conjunction with the 
test system of fig. 2 to identify individual heads that con- 
tact a disk surface at a landing velocity that is not within 
the design specification of the disk drive device under 
test, as detemfiined by the test system of fig. 2. 

45 

Detailed Description 

[0032] Referring now to the drawings, and initially to 
fig. 1 , there is illustrated an example of a disk drive des- 
50 ignated generally by the reference numeral 20. The disk 
drive 20 includes a plurality of storage disks 22a-d and 
a plurality of read/write heads 24a-h. Each of the storage 
disks 22a-d is provided with a plurality of data tracks to 
store user data. As illustrated in fig. 1 , one head is pro- 
55 vided for each surface of each of the disks 22a-d such 
that data can be read from or written to the data tracks 
of all of the storage disks. It should be understood that 
the disk drive 20 is merely representative of a disk drive 
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system utilizing the present invention and that the 
present invention can be implemented for use in con- 
nection with a disk drive system including more or less 
storage disks. 

[0033] The storage disks 22a-d are mounted for rota- 
tion by a spindle motor arrangement 29. as is known in 
the art. Moreover, the read/write heads 24a-h are sup- 
ported by respective actuator arms 28a-h for controlled 
positioning over preselected radii of the storage disks 
22a<l to enable the reading and writing of data from and 
to the data tracks. To that end, the actuator arms 28a-h 
are rotatably mounted on a pin 30 by a voice coil motor 
32 operable to controllably rotate the actuator arms 28a- 
h radially across the disk surfaces. 
[0034] Each of the read/write heads 24a-h is mounted 
to a respective actuator arm 28a-h by a flexure element 
(not shown) and comprises a magnetic transducer 25 
mounted to a slider 26 having an air bearing surface (not 
shown), all in a known manner. As typically utilized in 
disk drive systems, the sliders 26 cause the magnetic 
transducers 25 of the read/write heads 24a-h to "fly" 
above the surfaces of the respective storage disks 22a- 
d for non-contact operation of the disk drive system, as 
discussed above. When not in use, the voice coil motor 
32 rotates the actuator arms 28a-h during a contact stop 
operatfon, to position the read/write heads 24a-h over a 
respective landing zone 58, where the read/write heads 
24a -h come to rest on the storage disk surfaces. As 
should be understood, each of the read/write heads 
24a-h is at rest on a respective landing zone 58 at the 
commencement of a contact start operation. 
[0035] A printed circuit board (PCB) 34 is provided to 
mount control electronics for controlled operation of the 
spindle motor 29 and the voice coil motor 32. The PCB 
34 also incudes read/write channel circuitry coupled to 
the read/write heads 24a-h, to control the transfer of da- 
ta to and from the data tracks of the storage disks 22a- 
d. The manner for coupling the PCB 34 to the various 
components of the disk drive is well known in the art. 
[0036] According to an exemplary non-destructive, in- 
situ, acoustic emission landing velocity test method im- 
plementing the present invention, prior to assembly and 
coupling of the PCB 34, an assembly 48 comprising the 
actuator arms 28a-h, with heads 24a-h, voice coil motor 
32, storage disks 22a-d and spindle motor 29 of fig. 1, 
is coupled to a test system as a devk:e under test, as 
illustrated in fig. 2. More particularly, a power supply 50 
is coupled to the spindle motor 29 within the assembly 
48, as generally known, to accelerate the storage disks 
22a-d up to the operational velocity designed for the as- 
sembly 48. The power supply 50 is controlled by a com- 
puter 49 that is programmed to operate the power sup- 
ply 50 to energize the spindle motor 29 until the storage 
disks 22a-d rotate at the operational velocity designed 
for the disks 22a-d of the assembly 48. The assembly 
48 is operated with the heads over the landing zone 58. 
[0037] Ah acoustic emission sensor 52, such as, e.g., 
an R1 5 sensor sold by Acoustic Physics, is placed upon 
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the assembly 48 on the top cover of a motor hub (not 
shown) typically formed in a disk drive product to mount 
the spindle motor 29. A small amount of alcohol can be 
applied to the contacting surface of the assembly before 

5 placing the acoustic emissbn sensor 52 on the assem- 
bly 48 to provide a clean contact surface for transmis- 
sion of acoustic waves, A dead weight (not shown) 
placed on top of the acoustic emission sensor 52 can 
be used to provide an adequate acoustic coupling be- 

10 tween the sensor 52 and spindle motor 29. The alcohol 
will evaporate when the sensor 52 is removed from the 
assembly, after the test, to minimize contaminants that 
may be introduced into the disk drive. The use of alcohol 
and a dead weight provides a fast and clean means for 

15 acoustically coupling the sensor 52 to the spindle motor 
29. to thereby facilitate a high throughput rate for the 
test method of the present Invention. The R15 acoustic 
sensor 52 operates to transduce acoustic emissbns 
sensed by the sensor 52 into an electric signal. 

20 [0038] /Vn electric output of the sensor 52 is coupled 
to an amplifier, filter circuit 54 to amplify the electric out- 
put of the sensor 52 and to tune the amplified signal to 
between approximately 150 and 350 kHz. The amplified 
and tuned signal output by the amplifier circuit 54 is cou- 

^5 pled to an analog input port of the computer 49, for mon- 
itoring by the computer 49 to determine indications of 
slider/disk contact, as will be described in more detail 
below. 

[0039] An electric probe 56 is coupled as a differential 
30 probe across two power wires of the spindle motor 29 
to measure a back EMF voltage generated by the spin- 
dle motor 29, as is generally known in the art. Pursuant 
to the exemplary embodiment of the present Invention, 
the output of the probe 56 is also coupled to an analog 
55 input port of the computer 49, for monitoring by the com- 
puter 49 to determine a corresponding rotatbnal veloc-' 
ity of the storage disks 22a-d mounted by the spindle 
motor 29 within the assembly 48 being tested, as will 
appear. 

40 [0040] Referring now to fig. 3, there is shown a graph 
illustrating the relationship between an acoustic emis- 
sk3n signal derived from the sensor 52 and rotational ve- 
locity of disks, such as the storage disks 22a-d in as- 
sembly 48, as can be determined from the electric out- 

45 put of the probe 56, over time. In fig. 3, the relationship 
is plotted without the influence of acoustic ernissions 
that are caused by slider/disk contact. 
[0041] Back EMF voltage values for the type of spin- 
dle motor used in the assembly 48 can be correlated to 

50 the corresponding rotational velocities of the motor ro- 
tor. The computer 49 operates to periodically sample the 
back EMF voltage from the probe 56. The back EMF 
pulsates at a frequency related to the rotational velocity 
of the motor rotor. The computer 49 can calculate the 

55 rotational velocities of the motor rotor by timing the back 
EMF pulses sampled by the computer 49. As should be 
understood, the rotational velocity of the motor rotor is 
proportional to the rotational vekx:ity of the storage disks 
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22a-<J mounted by the spindle motor 29. 
[0042] The computer 49 also operates to periodically 
sample the electric output of the amplifier circuit 54 to 
obtain signal values corresponding to acoustic emis- 
sions received by the sensor 52 from the spindle motor 5 
29 within the assembly 48 under test. 
[0043] As shown in fig. 3, at times prior to the time 
labeled "trigger', the spindle motor 29 is fully energized 
by the power supply 50. and the storage disks within the 
assembly 48 are rotating at the design operational rota- io 
tional velocity. The rotational velocity value (curved la- 
beled "drive velocity") remains at a level corresponding 
to a maximum value, which, in tum, corresponds to the 
operational velocity. 

[0044] At the time labeled "trigger", the computer 49 is 
controls the power supply 50 to withdraw power from 
the spindle motor 29 so as to permit the storage disks 
22a-d to spin down to zero velocity The computer also 
operates to begin sampling back EMF values from the 
probe 52. As can be seen in fig. 3, the velocity values 20 
represented by the drive velocity curve to the right of the 
trigger point gradually decrease in proportion to the slow 
down of the rotational velocity of the storage disks 22a- 
d. 

[0045] Belowthe drive velocity curve of fig. 3 is plotted 25 
values corresponding to the electric output from the 
acoustic emission sensor 52 that results from acoustic 
emissions caused by the rotation of the spindle motor 
29 (cun/e labeled "AE signal"). As seen in fig. 3, the 
shape and slope of the AE signal curve generally con- so 
form to the shape and slope of the drive velocity curve, 
indicating that acoustic emissions from noise caused by 
•the spindle motor 29 are proportional to the rotational 
velocity of the storage disks 22a-d mounted by the spin- 
dle motor in the assembly 48. Thus, after the trigger 3S 
point, the acoustic emissions from the spindle motor de- 
crease in proportion to the slow down in rotational ve- 
locity of the storage disks 22a-d during spin down. 
[0046] Referring now to fig. 4. there is shown a graph 
illustrating the relationship between the acoustic emis- 40 
sion signal derived from the sensor 52 and rotational ve- 
locity of the storage disks 22a-d, Including acoustic 
emissions caused by slider/disk contacts within the as- 
sembly 48, as recognized by the present invention. 
From the trigger point, the graph of fig. 4 is similar to the ^5 
graph of fig. 3 until a first head within the assembly 48 
contacts a respective disk surface. That point is labeled 
"avalanche point" on fig. 4. As discovered, the acoustic ' 
emissions from the spindle motor 29 change dramati- 
cally upon an initial slider/disk contact. Thus, the electric 50 
signal output by the sensor 52, as illustrated in the ex- 
ample of fig. 4, increases sharply and suddenly upon 
the initial contact, as shown at the avalanche point in 
the graph of fig. 4. 

[004*7] According to the present invention, the compu- 55 
ter 49 is operated to sample both the electric output of 
the sensor 52 and the back EMF voltage derived from 
the probe 56 after the trigger point. Moreover, the com- 
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puter 49 is programmed to cateulate and record the drive 
velocity value, as represented by pulses from the back 

EMF voltage, when the computer detects the sudden 
change in AE signal strength (avalanche point), indica- 
tive of a first slider/disk contact. The drive velocity at the 
avalanche point corresponds to the landing velocity of 
the first head within the assembly 48 to contact a disk 
surface. 

[0048] After recording the landing velocity value for 
the assembly under test, the computer 49 operates to 
compare the recorded landing velocity to a threshold 
landing velocity value stored in the computer 49, and to 
indicate a "rejection" of any assembly under test where- 
in the recorded rotational velocity at the avalanche point 
is greater than the threshold value. 
[0049] The threshold landing velocity can be set as a 
function of the following formula: 

LVthreshokJ = ((TOH + AFH) * Full Speedy(FH„j^ * S) 

wherein: 

LVthreshoid threshold value for a landing veloc- 
ity against which velocity at the avalanche point in 
a device under test is compared; 
TOH is the specification for the disks used in the 
device under test and indicates the flying height av- 
alanche point of the disk surface; 
Full Speed is the operational rotational velocity for 
the device under test; 

FH^j„ is the minimum flying height as per the design 

specification of the device under test; 

AFH is the fly height drop due to clamping of the 

disk to the spindle motor; and 

S is a safety factor selected by a system designer 

[0050] Figure 5 illustrates the relationship between 
flying height and the rotational velocity of a disk. The 
graph of fig. 5 shows the slope of the change in flying 
height versus the rotational vekxjity of the disk. The up- 
per sloped line is the mean value for flying height change 
as a function of rotational velocity. The lower sloped line 
is a minimum slope that would be expected in the device 
under test. As illustrated, when LVj^ieshoid '® calculated 
by the above formula, the minimum slope for the flying 
height change is sufficient to raise the flying height to 
the design FH^j„. Any head In a device under test hav- 
ing a rotational velocity at the avalanche point that is 
greater than LVjj,reshoid would not reach the fH^in when 
a minimum slope is encountered, and the respective 
head would more likely encounter wear problems if such 
a device under test were not removed form the manu- 
facturing operation for repair. 

[0051] As noted above, the acoustic emission test ac- 
cording to the present invention determines the worst 
case landing velocity for the device under test, but does 
not indk:ate whk:h actual head or heads of a failed de- 
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vice do not achieve acceptable fly height operation. To 
determine the take-off velocity of each individual one of 
the heads 24a-h of an assembly 48 that tails the acoustic 
emission test, the failed assembly can be subject to the 
test method disclosed in co-pending U.S. Application 
Serial No. [Docket No. 9408-001] entitled FM DETEC- 
TION OF SLIDER-DISK INTERFACE, as noted above. 
[0052] Figure 6 illustrates in block diagram form a test 
system according to the invention of the co-pending ap- 
plication. A control device 400 simulates the PCB 34 to 
operate the assembly under test. More particularly, the 
control device 400 is coupled to the assembly in place 
of the PCB 34 to control operation of the spindle motor 
29 and voice coii motor 32, and includes read/write 
channel circuitry to cause the heads 24a-h to read or 
write signals from or to the surfaces of the storage disks 
22a-d. 

[0053] As generally known in the art, the control de- 
vice 400 is provided with a multiplexer (not shown) to 
select any one of the heads 24a-h at a time for control 
to either read or write signals from or to the respective 
disk surface. 

[0054] The control device 400 includes an output cou- 
pled to an input of an FM demodulator 440. The control 
device output operates to transmit signals read by a se- 
lected one of the read/write heads 24a-h to the FM de- 
modulator 440. The FM demodulator 440 can comprise 
a conventional FM demodulator, as commonly used in 
FM radios, modified to receive a frequency bandwidth 
appropriate to disk drive jitter frequencies, or a labora- 
tory instrument, such as. e.g., an HP 8901 A Modulation 
Analyzer. The FM demodulator 440 includes an output 
to output signals of various frequencies demodulated 
from the signal read back by a selected head 24a -h. 
[0055] A spectrum analyzer 500 includes an input 
coupled to the output of the FM demodulator 440 to re- 
ceive the demodulated frequency signals. The spectrum 
analyzer 500 operates to provide signal strength Infor- 
mation for each of the frequencies demodulated by the 
FM demodulator 440. The spectrum analyzer can com- 
prise a conventional frequency spectrum analyzer or a 
processor performing a Fourier transformation of the re- 
ceived demodulated frequency signals. For most effi- 
cient operation, a fast Fourier transformation algorithm 
Is implemented in the processor, as will be described in 
more detail below. 

[0056] An output of the spectrum analyzer 500 is cou- 
pled to a peak detector 560 arranged to detect peak val- 
ues that are above a threshold envelope encompassing 
a value or values of signal strength indicative of head/ 
disk contact, from the signal strength information gen- 
erated by the spectrum analyzer 500. The peak detector 
560 operates to output a pass/fail indication for the de- 
vice under test, based upon detection of peaks above 
any value encompassed within the threshold envelope, 
as will appear. Any peak value above a threshold value 
indicates slider/disk contact. 

[0057] The control device 400 is operated to cause 
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the voice coil motor 32 to position the actuator arms 28a- 
h over a preselected radius of the storage disks 22a-d. 
The particular radius chosen depends on the sensitivity 
of frequency of a read back signal due to head/disk con- 

5 tact. 

[0058] The sensitivity of frequency of a read back sig- 
nal is affected by several factors most notably, the mag- 
nitude and direction of mechanical vibrations caused by 
the contact. These factors vary as a function of the par- 
10 ticular structures and construction of the mechanical 
components comprising the head, flexure and other 
suspension elements mounting the head to an actuator 
arm. 

[0059] Initially, the sensitivity of read back frequency 
IS to head/disk contact can be determined experimentally 
for a particular head. For certain presently used sliders 
and suspensions, such as a two-rail nano slider and type 
19 suspensions manufactured by Hutchinson, it has 
been found that the sensitivity is greatest when the skew 
20 angle between a head and disk is greatest. In most ro- 
tary actuators of the type illustrated in fig. 1 , the greatest 
skew angle occurs when the actuator arms 28a-h posi- 
tion the heads 24a-h at the outer rim of the storage disks 
22a-d. 

25 [0060] Once a radius is selected and the control de- 
vke 400 operates to cause the voice coil motor 32 to 
position the actuator arms 28a-h at the preselected ra- 
dius of the respective storage disks 22a -d, the control 
device 400 controls the spindle motor 29 to rotate the 
30 storage disks 22a-d at a first preselected rotational ve- 
locity. While rotating at the first rotational vekx^ity, the 
control device 400 utilizes the multiplexer to sequentially 
activate each of the heads 24a-h, to write, in turn, a sig- 
nal having a substantially uniform pattern completely 
35 around each respective storage disk surface, at the 
preselected radius. The wavelength of each pattern sig- 
nal as written on the respective disk surface, will be a 
function of the frequency of the signal provided to the 
head 24 by the control device 400 and the first prese- 
40 lected rotational velocity. The written signal will include 
frequency jitter if the respective activated head 24a-h Is 
in contact with the disk surface during writing of the pat- 
tern signal. To advantage, the wavelength of the written 
signal is set to equal the wavelength of the high frequen- 
ts cy signal typically used to test the magnetic perform- 
ance of the heads 24a-h. 

[0061] When writing the signal to each disk surface, 
there will typically be a discontinuity in the signal at the 
completion of the rotation of the disk. This is due to the 

50 fact that the wavelength of the signal does not precisely 
fit a whole number of cycles within the circumference of 
the storage disk at the preselected radius. The spectrum 
analyzer 500 Is gated to omit reception of the signal form 
the head when it Is passing over the discontinuity of the 

55 signal written on the respective disk surface, as will be 
described in greater detail below. 
[0062] After the writing of each signal having a sub- 
stantially uniform pattem completely around each re- 
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spective storage disk surface, at the preselected radius, 
and with the actuator arms 28a-h remaining at the 
preselected radius of the respective storage disks 22a- 
d, the control device 400 then controls the spindle motor 
29 to rotate the storage disks 22a-d at a second prese- 
lected rotational velocity. While rotating at the second 
rotational velocity, the control device 400 utilizes the 
multiplexer to sequentially activate each of the heads 
24a-h, to read the previously written signals, one at a 
time. The frequency of each pattern signal as read from 
the disk surface, will now be a function of the second 
preselected rotational velocity and wilt Include frequen- 
cy jitter if the respective activated head 24a-h was in 
contact with the disk surface during either reading or 
writing of the pattern signal. 

[0063] Each of the first and second rotational vekx;i- 
tles is chosen to be at a value relevant to the take-off 
velocity for the heads 24a-h. For example, if the disk 
drive 20 Is designed to operate at 7200 rpm, the signal 
can be written at a first rotational velocity equal to 7200 
rpm. The signal can then be read back at a rotatfonal 
velocity equal to approximately 70% of 7200 rpm, e.g. 
5000 rpm. The method can be implemented in an oppo- 
site order of writing and reading a signal, i.e., writing the 
signal at 5000 rpm and reading the signal back at 7200 
rpm. 

[0064] In any event, the two rotational velocities se- 
lected should provide information regarding slider/disk 
contact at a minimum take off velocity acceptable for the 
device under test. One of the rotational velocities select- 
ed should be at the desired take off velocity, and the 
other sufficiently higher, e.g. 10% higher (5000 rpm 
higher in the example of a take off velocity of 5000 rpm), 
to eliminate any repeatable vibrations that may occur in 
the head at approximately equal rotational velocities. In 
this manner, any frequency jitter found in the read back 
signal will be indicative of a failure to achieve fly height 
operation by the desired take off velocity, as will appear. 
[0065] The signals read back by the heads 24a-h are 
transmitted by the output of the control device 400 to the 
input of the FM demodulator 440. The FM demodulator 
440 Is nnay include filters to attenuate frequency jitter 
unrelated to slider/disk contact. The FM demodulator 
440 is operated to demodulate the read back signals, 
one at a time, from the heads 24a-h..The spectrum an- 
alyzer 500 is gated at the portion of the signal that con- 
tains a discontinuity to omit the influence of the discon- 
tinuity in the signal demodulation. The length of the dis- 
continuity is short as compared to frequency jitter effects 
that may be caused by slider/disk contact. Accordingly, 
even if slider/disk first occurs at the discontinuity, the 
effects of jitter will persist beyond the length of the dis- 
continuity, and will be detected by the FM demodulation. 
[0066] Vibrations of the head/actuator assembly oc- 
cur In various modes, Including flexure modes and sus- 
pension nnodes. The frequency range of the FM demod- 
ulation focuses upon vibrations in the flexure mode. It 
has been detemnined that flexure vibrations are less 
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susceptible to noise, and more Indicative of silder/disk 
contact. Other forms of vibration, e.g. suspensbn vibra- 
tions, can be caused by factors other than sikjer/disk 
contact, such as air turbulence and spindle vibrations. 
5 In addition , flexure vibrations occur at a higher frequen- 
cy than suspension vibrations resulting in higher FM res- 
olution of amplitude information. 
[0067] Experimentation has shown that flexure 
modes of vibration are quiet in the absence of slider/disk 
TO contact. At the onset of slider/disk contact, one or more 
flexure modes of vibration increase sharply. The natural 
vibrations of a flexure occur over a relatively wide fre- 
quency bandwidth, which makes it difficult to isolate ex- 
pected vibrations using band-pass filters. However, the 
15 close correlatiori between flexure modes of vibration 
and slider/disk contact make flexure vibration modes 
highly desirable as a basis for determination of slider/ 
disk contact. 

[0068] Thus, the spectrum analyzer 500 is coupled to 
the FM demodulator 440 to receive the FM demodulated 
read back signals, one at a time, and analyze signal am- 
plitudes for each read back signal, over the frequency 
range corresponding to the natural vibrations that may 
occur in a flexure due to sitder/dlsk contact. The natural 
frequencies of flexure vibrations are determined empir- 
ically for the type of flexure used in the disk drive 20, 
and used to set the frequency range for demodulatk>n 
and spectrum analysis. 

[0069] Throughout a frequency spectrum of from, e, 
g., 1 0K Hz to 500k hz, there is a low level noise from the 
FM demodulator 440. A threshold envelope is set at an 
amplitude or amplitudes that are sufficiently higher than 
the average level for the noise amplitude to insure that 
accurate indications of slider/disk contact are obtained. 
Whenever slider/disk contact occurs, the amplitude of 
the various frequencies corresponding to the flexure vi- 
bration peak sharply above the threshold. The precise 
frequencies of vibration varies from drive head to drive 
head due to manufacturing tolerances and other factors 
distinctive to a particular head structure. By using a 
spectrum analysis over a bandwidth that covers the full 
range of possible flexure vibrations, it is not necessary 
to know which precise frequencies will correspond to 
flexure vibration for any particular slider/disk interface. 
[0070] The spectrum analyzer 500 can comprise a 
processor performing a fast Fourier transformatton of 
the FM demodulated read back signals. A fast Fourier 
transformatbn can be performed at much higher speeds 
than a conventional spectrum analyzer and the results 
from one revolution of read back are reliable enough for 
accurately detecting contact. In addition, the discontinu- 
ity can be ignored in the analysis. 
[0071] Each amplitude detected in the spectrum anal- 
ysis is compared in the peak detector 560 to the thresh- 
old value. As noted above, the threshold value at any 
particular frequency is set relevant to the level of noise 
in the FM demodulated signals. The amplitude of noise 
from a conventional FM demodulator is insignificant 
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compared to the amplitude of noise from mechanical vi- 
brations. A conventional FM demodulator of the type 
typically used in FM radios provides a detection sensi- 
tivity of approximately 0.08 pm/s. 
[0072] If any signal amplitude of any of the read back 
signals exceeds the threshold value, this indicates flex- 
ure vibrations caused by slider/disk contact. The peak 
detector 560 is operated to indicate which read back sig- 
nal or signals had signal amplitudes that exceeded the 
threshold value so that the particular heads 24a-h failing 
to begin fly height operation by the desired take off ve- 
locity, are identified. 

[0073] The acoustic sensor, back EMF probe ar- 
rangement of the present invention can be implemented 
at a level of capital expense that is sufficiently econom- 
ical to allow multiple test stations, each including sensor 
and probe devices, for a high testing throughput com- 
mensurate with production rates of a modern mass pro- 
duction disk drive manufacturing operation. A frequency 
demodulation test system, as described above, would 
used to test a relatively few drives, i.e. only those drives 
that have failed the acoustic emission test. Accordingly, 
a single frequency demodulation system can be used to 
service the failed drives from multiple acoustic emission 
test systerris providing an overall test arrangement that 
accommodates mass production testing of each and 
every drive during manufacture to identify individual 
heads that do not meet fly height specifications for the 
drives. 



Claims 

1 . A method for testing for slider/disk contact in a disk 
drive comprising a rotating disk and a head mount- 
ed by an actuator for selective positioning of the 
head over the disk, the head having a slider, and a 
spindle motor for rotating the disk, comprising the 
steps of: 

providing power to the spindle motor to cause 
rotation of the disk at a preselected rotational 
velocity corresponding to a rotational velocity 
designed for the disk during normal read/write 

operation; 

thereafter withdrawing power from the spindle 
motor such that the disk spins down to zero ro- 
tational velocity; 

while the disk spins down to zero rotational ve- 
locity, forming an acoustic coupling between an 
acoustic emission sensor having an electric 
output and the spindle motor to provide first 
electric signals representative of acoustic emis- 
sions from the spindle motor, including acoustic 
emissions caused by slider/disk contact; 
while the disk spins down to zero rotational ve- 
locity, coupling an electric probe to the spindle 
motor to provide second electric signals repre- 
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sentativeof back Ef^F generated by the spindle 
motor as the disk spins down to zero velocity; 
monitoring the first electric signals for a first in- 
dication of slider/disk contact; and 
utilizing the second signals at the time of the 
first indication of slider/disk contact from the 
first electric signals, to calculate the rotational 
velocity of the disk at the time of the first indi- 
cation of slider/disk contact. 

The method of claim 1 , comprising the further step 
of comparing the calculated rotational velocity to a 
threshold value relevant to a desired take-off or 
landing velocity for the head of the disk drive, and 
indicating when the calculated rotational velocity 
exceeds the threshold value. 

A method for testing for slider/disk contact in a disk 
drive comprising a rotating disk and a head mount- 
ed by an actuator for selective positioning of the 
head over the disk, the head having a slider, and a 
spindle motor for rotating the disk, comprising the 
steps of: 

providing power to the spindle motor to cause 
rotation of the disk at a preselected rotatbnal 

velocity corresponding to a rotational velocity 
designed for the disk during normal read/write 
operation; 

thereafter withdrawing power from the spindle 
motor such that the disk spins down to zero ro- 
tational velocity; 

while the disk spins down to zero rotational ve- 
locity, forming an acoustic coupling between an 
acoustic emission sensor having an electric 
output and the spindle motor to provide first 
electric signals representative of acoustic emis- 
sions from the spindle motor, including acoustic 
emissions caused by slider/disk contact; 
while the disk spins down to zero rotational ve- 
locity, monitoring the rotational velocity of the 
disk; 

monitoring the first electric signals for a first in- 
dication of slider/disk contact; and 
indicating the rotational velocity of the disk at 
the time of the first indk^atbn of slider/disk con- 
tact. 

The method of claim 3, comprising the further step 
of comparing the indicated rotational velocity to a 
threshold value relevant to a desired take-off or 
landing velocity for the head of the disk drive, and 
further indicating when the indicated rotational ve- 
locity exceeds the threshokj value. 

A method for testing for slider/disk contact in a disk 
drive comprising a plurality of rotating disks and at 
least two heads, each mounted by via a flexure to 
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an actuator for selective positioning of the head 6. 
over a respective one of the disks, each head hav- 
ing a slider, and a spindle motor for rotating the disk, 
comprising the steps of: 

5 

providing power to the spindle motor to cause 
rotation of the disks at a preselected rotational 
velocity corresponding to a rotational velocity 
designed for the disks during normal read/write 
operation; to 
thereafter withdrawing power from the spindle 7. 
motor such that the disks spin down to zero ro- 
tational velocity; 

while the disks spin down to zero rotational velocity is 
forming an acoustic coupling between an acoustic 
emission sensor having an electric output and the 
spindle motor to provide first electric signals repre- 
sentative of acoustic emissions from the spindle 
motor, including acoustic emissions caused by slid- 20 
er/disk contact; 8. 

while the disks spin down to zero rotational ve- 
locity, monitoring the rotational velocity of the 
disks; 2S 
monitoring the first electric signals for a first in- 
dication of slider/disk contact; and 
indicating the rotational velocity of the disks at 
the time of the first indication of slider/disk con- 
tact; 30 
comparing the indicated rotational velocity to a 
threshold value relevant to a desired take-offor 
landing velocity for the heads of the disk drive; 
when the indicated rotational velocity exceeds 
the threshold value using a first one of the 3S 
heads of the disk drive to write a signal having 
a substantiaify uniform pattern on the respec- 
tive disk as the disk rotates at a first preselected 
rotational velocity; 

thereafter rotating the disk at a second prese- 40 
lected rotational velocity; 
while rotating at the second preselected rota- 
tronal velocity, using the first one of the heads 
to read back the signal written at the first prese- 
lected rotational velocity; and 4S 
performing an FM demodulation of the read 
back signal through a frequency range corre- 
sponding to a range of natural frequencies of 
vibration of the flexure caused by slkier/disk 9. 
contact; so 
wherein one of the first and second rotational 
velocities is set to be approximately equal to a 
desired landing or take off velocity of the hiead, 
such that the FM denxxlulation of the read back 
signal indicates whether slider/disk contact for ss 
the first one of the heads exists at the take off 
velocity. 



The method of claim 5 comprising the further steps 
of: 

providing a spectrum analyzer; and 
using the spectrum analyzer to perform a spec- 
trum analysis of the FM demodulation to deter- 
mine amplitudes of frequency components of 
the demodulated read back signal caused by 
slider/disk contact. 

The method of claim 6 comprising the further steps 
of: 

providing a peak detector arranged to receive 
the amplitudes; and 

operating the peak detector to compare the am- 
plitudes to a threshold value and to indicate re- 
jection of the disk drive when any amplitude ex- 
ceeds the threshold value. 

The method of claim 5 comprising the further steps 
of: 

when the indicated rotational velocity exceeds 
the threshold value using a second one of the 
heads of the disk drive to write a signal having 
a substantially uniform pattern on the respec- 
tive disk as the disk rotates at a first preselected 
rotational velocity; 

thereafter rotating the disk at a second prese- 
lected rotatk>nal velocity; 
while rotating at the second preselected rota- 
tional velocity, using the second one of the 
heads to read back the signal written at the first 
preselected rotational velocity; and 
perfonning an FM demodulatton of the read 
back signal through a frequency range corre- 
sponding to a range of natural frequencies of 
vibration of the flexure caused by slider/disk 
contact; 

wherein one of the first and second rotational 
velocities is set to be approximately equal to a 
desired" landing or lake off velocity of the head, 
such that the FM demodulation of the read back 
signal indicates whether slider/disk contact for 
the second one of the heads exists at the take 
off velocity. 

A method for testing for slider/disk contact in a disk 
drive comprising at least one rotating disk and at 
least two heads, each mounted by an actuator for 
selective positioning of the head over a respective 
one of the at least one rotating disk, each head hav- 
ing a slider, and a spindle motor for rotating the at 
least one rotating disk, comprising the steps of: 

providing power to the spindle motor to cause 
rotatbn of the one at least one disk at a prese- 
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lected rotational velocity corresponding to a ro- 
tational velocity designed for the at least one 
rotating disk during normal read/write opera- 
tion; 

thereafter withdrawing power from the spindle 5 
motor such that the at least one rotating disk 
spins down to zero rotational velocity; 
while the at least one rotating disk spins down 
to zero rotational velocity, forming an acoustic 
coupling between an acoustic emission sensor io 
having an electric output and the spindle motor 
to provide first electric signals representative ol 
acoustic emissions from the spindle motor, in- 
cluding acoustic emissions caused by slider/ 
disk contact; is 
while the at least one rotating disk spins down 
to zero rotational velocity, monitoring the rota- 
tional velocity of the at least one rotating disk; 
monitoring the first electric signals for a first in- 
dication of slider/disk contact; and 20 
indicating the rotational vek)city of the at least 
one rotating disk at the time of the first indica- 
tion of slider/disk contact; 
comparing the indicated rotational velocity to a 
threshold value relevant to a desired take-off or 2S 
landing velocity for the heads of the disk drive; 
when the indicated rotational velocity exceeds 
the threshold value: 

rotating the at least one disk of the disk drive at 
a first preselected rotational velocity; 30 
using one of the heads of the disk drive to write 
a signal having a substantially uniform pattern 
on the respective disk as it rotates at the first 
preselected rotational velocity; 
thereafter rotating the disk at a second prese- 35 
lected rotational velocity; 
while rotating at the second preselected rota- 
tional velocity, using the one. of the heads to 
read back the signal written at the first prese- 
lected rotational velocity; 40 
performing an FM demodulation of the read 
back signal through a frequency range corre- 
sponding to a range of natural frequencies of 
vibration caused by slider/disk contact; and 
performing a spectrum analysis of the FM de- 45 
modulatton to determine amplitudes of frequen- 
cy components of the demodulated read back 
signal caused by slider/disk contact to deter- 
mine the take-off velocity of the one of the 
heads. so 

1 0. A method for testing for slider/disk contact in a disk 
drive comprising a rotating disk and a head mount- 
ed by an actuator for selective positioning of the 
head over the disk, the head having a slider, and a ss 
spindle motor for rotating the disk, comprising the 
steps of: 



providing power to the spindle motor to cause 
rotation of the disk at a preselected rotatbnal 
velocity corresponding to a rotatbnal velocity 
designed for the disk during normal readAvrite 
operation; 

thereafter withdrawing power from the spindle 
nrK)tor such that the disk spins down to zero ro- 
tational velocity; 

while the disk spins down to zero rotational ve- 
locity, using a fluid layer to form an acoustic 
coupling between an acoustic emission sensor 
having an electric output and the spindle motor 
to provide first electric signals representative of 
acoustic emissions from the spindle motor, in- 
cluding acoustic emissions caused by slider/ 
disk contact; 

while the disk spins down to zero rotational ve- 
locity, monitoring the rotational velocity of the 
disk; 

monitoring the first electric signals for a first in- 
dication of slider/disk contact; and 
indicating the rotational velocity of the disk at 
the time of the first indication of stider/disk con- 
tact, 

11 . The method of claim 1 0 wherein the fluid comprises 
alcohol. 



Patentanspruche 

1. Verfahren zum Testen eines Gleiter-Platten-Kon* 
takts in einem Laufwerk mit einer rotierenden Platte' 
und eInem auf einem Aktuator angebrachten Kopf 
zum setektiven Positionieren des Kopfs uber der 
Platte, wobei der Kopf einen Glerter hat, und einem 
Spindelmotor zum Rotleren der Platte, mit den fol- 
genden Schritten: 

Liefern von Energie an den Spindelmotor zum 
Verursachen einer Rotatbn der Platte mit einer 
vorgewahlten Drehgeschwindigkeit, die einer 
Drehgeschwindigkeit fur den nomialen Lese/ 
Schreib-Vorgang der Platte entspricht, 
danach dem Spindelmotor die Energie Entzie- 
hen, so daB die Platte zu einer Drehgeschwin- 
digkeit von null herunterdreht, 
wahrend die Platte zu einer Drehgeschwindig- 
keit von null herunterdreht, Bilden einer akusti- 
schen Kopplung zwischen einem akustischen 
Emissionssensor mit einem elektrischen Aus- 
gang und dem Spindelmotor zum Liefern erster 
elektrischer Signale, die akustischen Emissio- 
nen vom Spindelmotor, einschlieQIich von Glei- 
ter-PIatten-Kontakt verursachten akustischen 
Emissionen, entsprechen, 
wahrend die Platte zu einer Drehgeschwindig- 
keit von null herunterdreht. Verbinden einer 
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elektrischen Sonde mit dem Splndelmotor zum 
Liefern zweiter elektrischer Signale, die einer 
RQck-EMK entsprechen, die vom Splndelmotor 
erzeugt wird, wahrend die Platte zu eIner Dreh- 
geschwindigkeit von null herunterdreht, 
Uberwachen der ersten elektrischen Signale 
nach ersten Anzeichen eines Gleiter-Platten- 
Kontakts, und 

Verwenden der zweiten Signale beim ersten 
Anzeichen eines Glelter-Platten-Kontakts aus 
den ersten elektrischen Signalen zum Berech- 
nen der Drehgeschwindlgkeit der Platte zum 
Zeitpunkt des ersten Anzeichens eines Gleiter- 
Platten-Kontakts. 

Verfahren nach Anspruch 1 , weiter mit den folgen- 
den Schrltten: Vergleichen der berechneten Dreh- 
geschwindigkeit mit einem Schwellwert, der sich 
auf eine erwunschte Abhebe- oder Landegeschwin- 
digkeit des Kopfs des Laufwerks bezieht, und An- 
zeigen, wann die berechnete Drehgeschwindlgkeit 
den Schwellwert ubersteigt. 

Verfahren zum Testen eines Gleiter-Platten-Kon- 
takts in einem Laufwerk mit einer rotierenden Platte 
und einem auf einem Aktuator angebrachten Kopf 
zum selektiven Positionleren des Kopfs uber der 
Platte, wobei der Kopf einen Gleiter hat, und einem 
Splndelmotor zum Rotieren der Platte, mit den fol- 
genden Schritten: 

Liefern von Energie an den Splndelmotor zum 
Verursachen einer Rotation der Platte mit eIner 
vorgewahlten DrehgeschwIndigkeit, die einer 
Drehgeschwindlgkeit fOr den normalen Lese/ 
Schreib-Vorgang der Platte entspricht, 
danach dem Splndelmotor die Energie Entzie- 
hen, so daB die Platte zu einer Drehgeschwin- 
dlgkeit von null herunterdreht, 
wahrend die Platte zu einer Drehgeschwindlg- 
keit von null herunterdreht. Bilden einer akusti- 
schen Kopplung zwischen einem akustischen 
Emissionssensor mrt einem elektrischen Aus- 
gang und dem Splndelmotor zum Liefern erster 
elektrischer Signale, die akustischen Emisslo- 
nen vom Splndelmotor, einschlie3lich von Glei- 
ter-Platten-Kontakt verursachten akustischen 
Emissionen, entsprechen, 
wahrend die Platte zu einer Drehgeschwindlg- 
keit von null herunterdreht, Ubenwachen der 
Drehgeschwindlgkeit der Platte, 
Obenvachen der ersten elektrischen Signale 
nach ersten Anzeichen eines Glelter-Ptatten- 
Kontakts. und 

Anzeigen der Drehgeschwindlgkeit der Platte 
zum Zeitpunkt des ersten Anzeichens eines 
Gleiter-Platten-Kontakts. 
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Verfahren nach Anspruch 3, weiter mit den foigen- 
den Schritten: Vergleichen der angezeigten Dreh> 
geschwindigkeit mit einem Schwellwert, der sich 
auf eine enwunschte Abhebe- oder Landegeschwin- 
dlgkelt des Kopfs des Laufwerks bezleht, und An- 
zeigen, wann die angezelgte Drehgeschwindlgkeit 
den Schwellwert ubersteigt. 

Verfahren zum Testen eines Gleiter-Platten-Kon- 
takts In einem Laufwerk mil mehreren rotierenden 
Platten und mindestens zwei jwells uber einen Fe- 
derarm auf einem Aktuator angebrachten Kopf zum 
selektiven Positionleren des Kopfs uber einer ent- 
sprechenden Platte, wobei jeder Kopf einen Gleiter 
hat, und einem Splndelmotor zum Rotieren der 
Platte, mit den folgenden Schritten: 

Liefern yon Energie an den Splndelmotor zum 
Verursachen einer Rotation der Platten mit ei- 
ner vorgewahlten Drehgeschwindlgkeit, die ei- 
ner Drehgeschwindlgkeit fur den normalen Le- 
se/Schreib-Vorgang der Platten entspricht, 
danach dem Splndelmotor die Energie Entzle- 
hen, so daB die Platten zu einer Drehgeschwin- 
dlgkeit von null herunterdrehen, 
. wahrend die Platten zu einer Drehgeschwindlg- 
keit von null herunterdrehen, Bilden einer aku- 
stischen Kopplung zwischen einem akusti- 
schen Emissionssensor mit einem elektrischen 
Ausgang und dem Splndelmotor zum Liefern 
erster elektrischer Signale, die akustischen 
Emissionen vom Splndelmotor, eInschlleBllch 
von Gleiter-Platten-Kontakt verursachten aku- 
stischen Emissionen, entsprechen, 
wahrend die Platte zu einer Drehgeschwindlg- 
keit von null herunterdreht, Uberwachen der 
Drehgeschwindlgkeit der Platte. 
Uberwachen der ersten elektrischen Signale 
nach ersten Anzeichen eines Gleiter-Platten- 
Kontakts, und 

Anzeigen der Drehgeschwindlgkeit der Platten 
zum zeitpunkt des ersten Anzeichens eines 
Gleiter-Platten-Kontakts. 
Vergleichen der angezeigten Drehgeschwin- 
dlgkeit mit einem Schwellwert, der sich auf eine 
enwunschte Abhebe- oder Landegeschwindig- 
kert der Kopfe des Laufwerks bezleht, 
wenn die angezelgte Drehgeschwindlgkeit den 
Schwellwert ubersteigt, Verwenden eines er- 
sten der Kopfe des Laufwerks zum Schreiben 
eines Signals mit einem im wesentllchen reget- 
maBigen Muster auf die entsprechende Platte, 
wahrend die Platte mit einer ersten vorgewahl- 
ten Drehgeschwindlgkeit rotiert, 
danach Rotieren der Platte mit einer zweiten 
vorgewahlten Drehgeschwindlgkeit, 
wahrend des Rotierens der Platte mit der zwei- 
ten vorgewahlten Drehgeschwindlgkeit Ver- 
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wend en des ersten der Kopfe zum Rucklesen 
des mit der ersten vorgewahlten Drehge- 
schwindigkeit geschriebenen Signals und 
Durchfuhren einer FM-Demodula1k)n des 
Rucklesesignals durch einen Frequenzbereich 
naturlicher Schwingungsfrequenzen des Fe- 
derarms, die durch einen Glelter-Platten-Kon- 
takt verursacht werden. 
wobei aus der ersten und der zweiten Drehge- 
schwindigkert eine so gewahit wird, da3 sie un- 
gefahr gleich der erwunschten Lande- Oder Ab- 
hebegeschwindigkeit des Kopfs ist, so daB die 
FM-Demodulation des Rucklesesignals an- 
zeigt, ob bei der Abhebegeschwindigkeit ein 
Gleiter-Platten-Kontakl beim ersten der Kopfe 
stattfindet. 

6. Verfahren nach Anspruch 5, weiter mit den folgen- 
den Schrltten: 

Vorsehen einer Spektrumsanalyseeinrichtung, 
und 

Verwenden der Spektrumsanalyseeinrichtung 
zum Durchfuhren einer Spektrumsanalyse der 
FM-Demodulation zum Bestimmen von Ampli- 
tuden von Frequenzkomponenten des demo- 
dulierten durch Gfeiter-Platten-Kontakt. verur- 
sachten Rucklesesignals. 

7. Verfahren nach Anspruch 6, weiter mit den folgen- 
den Schritten: 

Vorsehen eines Peakdetektors, der zum Emp- 
fangen der Amplituden angeordnet ist, und 
Betreiben des Peakdetektors zum Vergleichen 
der Amplituden mit einem Schwellwert und zum 
Anzeigen, da3 das Laufwerk nicht durch die 
Kontrolle kommt, wenn eine Amplitude den 
Schwellwert ubersteigt. 

8. Verfahren nach Anspruch 5, weiter mit den folgen- 
den Schrrtten: 

wenn die angezeigte Drehgeschwindigkeil den 
Schwellwert flbersteigt, Venwenden eines zwei- 
ten der Kopfe des Laufwerks zum Schreiben ei- 
nes Signals mit einem im wesentllchen regel- 
maRigen Muster auf der entsprechenden Plat- 
te, wahrend die Platte mit einer ersten vorge- 
wahlten Drehgeschwindigkeit rotiert, 
danach Rotieren der Platte mit einer zweiten 
vorgewahlten Drehgeschwindigkeit und 
wahrend des Rotierens mit einer zweiten vor- 
gewahlten Drehgeschwindigkeit Verwenden 
des zweiten der Kopfe zum ROcklesen des bei 
der ersten vorgewahlten Drehgeschwindigkeit 
geschriebenen Signals, und 
Durchfuhren einer FM-DenxxJulation des 



Rucklesesignals durch eine Frequenzbereich 
naturlicher Schwingungsfrequenzen des Fe- 
derarms. die durch einen Gleiter-Platten-Kon- 
takt verursacht werden, 

5 wobei eine der ersten und der zweiten Drehge- 

schwindigkeit so gewahit wird, da3 sie unge- 
fahr gleich der erwunschten Lande- oder Abhe- 
begeschwindigkeit des Kopfs ist, so da3 die 
FM-Demodulation des Rucklesesignals an- 

10 zeigt, ob bei der Abhebegeschwindigkeit ein 

Gleiter-Platten-Kontakt beim zweiten der Kopfe 
stattfindet. 

9. Verfahren zum Testen eines Gleiter-Platten-Kon- 
is takts in einem Laufwerk mit mindestens einer rotie- 
renden Platte und mindestens zwei jweils Ober ei- 
nen Federanm auf einem Aktuator angebrachten 
Kopfen zum selektiven Positionieren des Kopfs 
Ober einer entsprechenden Platte, wobei jeder Kopf 
20 einen Gleiter hat, und einem Spindelmotor zurh Ro- 
tieren der mindestens einen Platte, mit den folgen- 
den Schritten: 

Liefern von Energie an den Spindelmotor zum 

2S Verursachen einer Rotation der mindestens ei- 

nen Platte mit einer vorgewahlten Drehge- 
schwindigkeit, die einer Drehgeschwindigkeit 
fur den normalen Lese/Schreib-Vorgang der 
mindestens einen Platte entspricht, 

30 danach dem Spindelmotor die Energie Entzie- 

hen, so da3 die mindestens eine Platte zu einer 
Drehgeschwindigkeit von null herunterdreht. 
wahrend die mindestens eine rotierende Platte 
zu einer Drehgeschwindigkeit von null herun- 

3S terdreht, Bilden einer akustlschen Kopplung 

zwischen einem akustischen Emissionssensor 
mit einem elektrischen Ausgang und dem Spin- 
delmotor zum Liefern erster elektrischer Signa- 
le, die akustischen Emissionen vom Spindel- 

^0 motor, einschlieBlich von Gleiter-Platten-Kon- 

takt verursachten akustischen Emissk)nen, 
entsprechen, 

wahrend die mindestens eine Platte zu einer 
Drehgeschwindigkeit von null herunterdreht, 
45 Uberwachen der Drehgeschwindigkeit der min- 

destens einen rotierenden Platte, 
Uberwachen der ersten elektrischen Signale 
nach ersten Anzeichen eines Gleiter-Platten- 
Kontakts, und 

so Anzeigen der Drehgeschwindigkeit der minde- 

stens einen rotierenden Platte zum Zeitpunkt 
des ersten Anzeichens eines Gleiter-Platten- 
Kontakts, 

Vergleichen der angezeigten Drehgeschwin- 
55 digkeit mit einem Schwellwert, der sich auf eine 

enwunschte Abhebe- oder Landegeschwindig- 
keit der Kopfe des Laufwerks bezieht. 
wenn die angezeigte Drehgeschwindigkeit den 
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Schwellwert ubersteigt: 

Rotieren der mindestens einen Platte des Lauf- 
werks mit einer ersten vorgewahlten Drehge- 
schwindigkeit, 

Verwenden eines der Kopte des Laufwerks s 
zum Schrerben eines Signals mit einem im we- 
sentlichen regelnnaftigen Muster auf die ent- 
sprechende Platte, wahrend die Platte mit eIner 
ersten vorgewahlten Drehgeschwindigkeit ro- 
tiert, 10 
danach Rotieren der Platte mit einer zweiten 
vorgewahlten Drehgeschwindigkeit, 
wahrend des Rotierens der Platte mit der zwei- 
ten vorgewahlten Drehgeschwindigkeit Ver- 
wenden des einen der Kopfe zum RQcklesen is 
des mit der ersten vorgewahlten Drehge- 
schwindigkeit geschriebenen Signals und 
Durchfuhren einer FM-Demodulation des 
Rucklesesignate durch eine Frequenzbereich 
naturlicher Schwingungsfrequenzen des Fe- 20 
derarms, die durch einen Gleiter-Platten-Kon- 
takt yerursacht warden, und 
Durchfuhren einer Spektrumsanalyse der FM- 
Demodulation zum Bestimmen von Amplituden 
von Frequenzkomponenten des demodulier- 2S 
ten, durch Glelter-Platten-Kontakt verursach- 
ten Rucklesesignals zum Bestimmen der Ab- 
hebegeschwindigkeit des einen der Kopfe. 

Verfahren zum Testen eines Gleiter-Platten-Kon- 30 
takts In einem Laufwerk mit einer rotierenden Platte 

und einem auf einem Aktuator angebrachten Kopf 
zum selektiven Positionleren des Kopfs Ober der 
Platte, wobei der Kopf einen Gleiter hat, und einem 
Spindelmotor zum Rotieren der Platte, mit den fol- 3S 
genden Schritten: 

Liefern von Energie an den Spindelmotor zum 
Verursachen einer Rotation der Platte mit einer 
vorgewahlten Drehgeschwindigkeit, die einer 40 
Drehgeschwindigkeit fur den normalen Lese/ 
Schreib-Vorgang der Platte entsprk:ht, 
danach dem Spindelmotor die Energie Entzle- 
hen, so daB die Platte zu einer Drehgeschwin- 
digkeit von null herunterdreht, 45 
wahrend die Platte zu einer Drehgeschwindig- 
keit von null herunterdreht, Venvenden einer 
Fluidschicht zum Bilden einer akustischen 
Kopplung zwischen einem akustischen Emissi- 
onssensor mit einem elektrischen Ausgang so 
und dem Spindelmotor zum Lief em ersterelek- 
trischer Signale, die akustischen Emissionen 
vom Spindelmotor. einschlieBlich von Gleiter- 
Platten-Kontakt verursachten akustischen 
Emissionen, entsprechen, 55 
wahrend die Platte zu einer Drehgeschwindig- 
keit von null herunterdreht, Uberwachen der 
Drehgeschwindigkeit der Platte, 



Uberwachen der ersten elektrischen Signale 
nach ersten Anzeichen eines Gleiter-Platten- 
Kontakts. und 

Anzeigen der Drehgeschwindigkeit der Platte 
zum Zeitpunkt des ersten Anzeichens eines 
Gleiter-Platten-Kontakts. 

11, Verfahren nach Anspruch 10, bei dem das Fluid Al- 
kohol umfaBt. 



Revendications 

1. Proc6de pour tester un contact curseur/disque 
dans une units de disque comportant un disque en 
rotation et une tete montee au moyen d'un action- 
neur pour un positlonnement s^lectif de la tete au- 
dessus du disque, la tete ayant un curseur, et un 
moteur de broche destine a faire tourner le disque, 
comprenant les Stapes dans lesquelles : 

on fournit de la puissance au moteur de broche 
pour faire toumer le disque a une Vitesse de 
rotation pr6s6lectionn6e correspondant k une 
Vitesse de rotation calculSe pour le disque pen- 
dant une operation normale de lecture/ 
ecriture ; 

on prSISve ensuite de la puissance du moteur 
de broche de mani^re que le disque ralentisse 
jusqu'^ une Vitesse de rotation nulle ; 
tandis que le disque ralentit jusqu'^ une Vitesse 
de rotation nulle, on forme un couplage acous- 
tique entre un capteur d'Smission acoustique 
ayant une sortie electrique et le moteur de bro- 
che pour produire des premiers signaux elec- 
triques reprSsentatlfs d'Smissions acoustlques 
provenant du moteur de broche, comprenant 
des emissions acoustiques provoquees par un 
contact curseur/disque ; 
pendant que le disque ralentit jusqu'a une Vi- 
tesse de rotatbn nulle, on accouple une sonde 
Slectrique au moteur de broche pour produire 
des seconds signaux diectriques reprSsentatifs 
d'une force contre-6 led romot rice g6n§r6e par 
le moteur de broche pendant que le disque ra- 
lentit jusqu'a une Vitesse de rotation nulle ; 
on controle les premiers signaux electriques 
pour une premiere indication d'un contact cur- 
seur/disque ; et 

on utilise les seconds signaux au moment de 
ia premiere indication d'un contact curseur/dis- 
que k partir des premiers signaux Slectriques, 
pour calculer la Vitesse de rotation du disque 
au moment de la premiere indication d'un con- 
tact curseur/disque. 

2. Procede selon la revendication 1 , comprenant en 
outre l*6tape qui consiste k cornparer la vitesse de 
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rotation ca!cul6e ^ une valeur de seuii concernant 
une Vitesse souhaitSe de dScollage ou d'atterrissa- 
ge pour la tete de I'unitd de disque, et k indiquer 
lorsque la vitesse de rotation calcuide ddpasse la 
valeur de seuil. s 

3. Procede pour tester un contact curseur/disque 
dans une unite de disque comportant un disque en 
rotation et une tete monies au moyen d'un action- 
neur pour un positlonnennent s6lectif de la tete au- io 
dessus du disque. la tete ayant un curseur, et un 
moteur de broche destine a (aire tourner le disque, 
comprenant les etapes dans iesquelles : 

on fournit de la puissance au moteur de broche is 
pour provoquer une rotation du disque k une 
Vitesse de rotation preselectlonnee correspon- 
dant a une vitesse de rotation calculee pour le 
disque au cours d'une operation normale de 
lecture/6criture ; 20 
on prel&ve ensuite de la puissance du moteur 
de broche afin que le disque ralentisse jusqu'd 
une Vitesse de rotation nulle ; 
pendant que le disque ralentit jusqu'a une vi- 
tesse de rotation nulle, on forme un couplage 2S 
acoustlque entre un capteur d'6mission acous- 
tique ayant une sortie 6lectrique et le moteur 
de broche pour produire des premiers signaux 
diectriques representatifs d'emissions acoustl- 
ques provenant du moteur de broche, compre- 30 
nant des Emissions acoustiques provoqu^es 
par un contact curseur/disque ; 
pendant que le disque ralentit jusqu'a une vi- 
tesse de rotation nulle, on contrSle la vitesse 
de rotation du disque ; 3S 
on contrdle les premiers signaux etectriques 
pour une premiere indication d'un contact cur- 
seur/disque : et 

on indique la vitesse de rotation du disque au 
moment de la premiere indication d'un contact 40 
curseur/disque. 

4. Proc6d6 selon la revendication 3, comprenant en 
outre I'etape qui consiste a comparer la vitesse de 
rotation Indiquee a une valeur de seuil associee k 4S 
une Vitesse souhait^e de ddcoliage ou d'atterrissa- 

ge pour la t§te de i'unrt6 de disque. et on indique en 
outre lorsque la vitesse de rotation indiquee d§pas- 
se la valeur de seuil. 

so 

5. Procede pour tester un contact curseur/disque 
dans une unit6 de disque comportant plusieurs dis- 
ques en rotation et au moins deux tetes, montees 
chacune par I'intermediaire d'un element a flexion 

sur un actionneur pour un positionnement selectif 55 
de la tete au-dessus de Tun, respectif, des disques, 
chaque tdte ayant un curseur, et un moteur de bro- 
che pour faire toumer le disque, comprenant les 



6tapes dans Iesquelles : 

on fournit de la puissance au nnoteur de broche 
pour faire toumer les disques k une vitesse de 
rotation pr6s6lectibnn6e correspondent S une 
Vitesse de rotation calculee pour les disques 
pendant une operation normale de lecture/ 
6criture ; 

on preleve ensuite de la puissance sur le mo- 
teur de broche de fa^on que le disque ralentis- 
se jusqu'^ une vitesse de rotation nulle ; 
pendant que le disque ralentit jusqu'^ une vi- 
tesse de rotation nulle, on forme un couplage 
acoustique entre un capteur d*dmisston acous- 
tlque ayant une sortie 6lectrique et le moteur 
de broche pour produire des premiers signaux 
electriques representatifs d'emissions acousti- 
ques a partir du moteur de broche, comprenant 
des drnissions acoustiques provoqudes par un 
contact curseur/disque ; 
pendant que les disques ralentissent jusqu'^ 
une Vitesse de rotation nulle, on controle la vi- 
tesse de rotation des disques ; 
on contrdle les premiers signaux etectriques 
pour une premiere indication d'un contact cur- 
seur/disque ; et 

on indique la vitesse de rotation des disques au 
moment de la premiere indication d'un contact 
curseur/disque ; 

on compare la vitesse de rotation indiqu6e k 
une valeur de seuil associee k une vitesse sou- 
haitee de decollage ou d'atterrissage pour les 
tetes de I'unitd de disques ; 
lorsque la vitesse de rotation indiquee depasse 
la valeur de seuil, on utilise une premiere des 
tetes de I'unite de disque pour ^crire un signal 
ayant une configuration sensiblement uniforme 
sur le disque respectif pendant que le disque 
tourne k une premiere vitesse de rotation 
preselectlonnee ; 

on fait ensuite tourner le disque k une seconde 
Vitesse de rotation pr6s6lectionn6e ; 
pendant la rotation k la seconde vitesse de ro- 
tation preselectlonnee, on utilise la premiere 
des tetes pour relire le signal 6crit k la premiere 
Vitesse de rotation prdseiectionnee ; et 
on effectue une demodulation FM du signal relu 
dans une bande de frequence correspondant k 
une bande de frequences propre de vibration 
de reiement k flexion provoquees par le contact 
curseur/disque ; 

dans lequel I'une des premiere et seconde vi- 
tesses de rotation est etablie de fa9on k etre 
approximativement egale k une vitesse souhai- 
tee d'atterrissage ou de decollage de la tete, de 
maniere que la demodulation FM du signal relu 
indique si un contact curseur/disque pour la 
premiere des tetes existe k la vitesse de decol- 
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lage. 

6. Proc6d§ selon la revendication 5, comprenant les 
autres Stapes dans lesquelles : 

on se procure un anaiyseur de spectre ; et 
on utilise I'analyseur de spectre pour effectuer 
une analyse spectrale de la demodulation FM 
afin de determiner des amplitudes de compo- 
santes de frequence du signal de relecture 66- 
module, provoquees par un contact curseur/ 
disque. 

7. Proc6d6 selon la revendication 6, comprenant les 
autres Stapes dans lesquelles : 

on se procure un detecteur de pics agence pour 
recevoir les amplitudes ; et 
on fait fonctionner le dStecteur de pics pour 
comparer les amplitudes a une valeur de seuil 
et pour indiquer un rejet de I'unite de disque 
lorsqu'une amplitude quelconque depasse la 
valeur de seuil. 

8. Proc6d6 selon la revendication 5, comprenant les 
autres Stapes dans lesquelles : 

lorsque la Vitesse de rotation indiquee depasse 
la valeur de seuil, on utilise une deuxiSme des 
tdtes de TunitS de disque pour Scrire un signal 
ayant une configuratbn sensiblement uniforme 
sur le disque respectif pendant que le disque 
tourne a une premiere Vitesse de rotation 
prSselectionnee ; 

on fait ensuite tourner le disque ^ une seconde 
Vitesse de rotation prSsSlectionnSe ; 
pendant la rotation a la seconde vitesse de ro- 
tation preselectlonnee, on utilise la deuxieme 
des teles pour relire le signal ecrit ^ la premiere 
Vitesse de rotation prSsSlectionnSe ; et 
on effectue une demodulation FM du signal de 
relecture dans une bande de frequences cor- 
respondent & une bande de frequences propre 
de vibrations de I'element de flexion engen- 
drSes par un contact curseur/disque ; 
dans lequel Tune des premiere et seconde vi- 
tesses de rotation est etablie de fagon d etre 
approximativement egale k la Vitesse souhai- 
tee d'atterrissage ou de decollage de la tete. 
afin que la demodulation FM du signal de re- 
lecture indique si un contact curseur/disque 
pour la deuxieme des tdtes existe k la vitesse 
de dScollage. 

9. Procede pour tester un contact curseur/disque 
dans une unite de disque comportant au moins un 
disque en rotation et au moins deux tetes, montSes 
chacune au moyen d'un actionneur pour un posi- 



tionnement sSlectif de la t6te au-dessus de Tun, res- 
pectif. du, au moins un, disque en rotation, chaque 
tete ayant un curseur, et un moteur de broche pour 
faire tourner le, au moins un. disque tournant. com- 
B prenant les Stapes dans lesquelles : 

on foumit de la puissance au moteur de broche 
pour faire tourner le, au moins un, disque k une 
Vitesse de rotation prSsSlectionnSe correspon- 

10 dant k une vitesse de rotation calcuISe pour le, 

au moins un, disque tournant pendant une ope- 
ration normale de lecture/ecriture ; 
on preleve ensuite de la puissance du moteur 
de broche afin que le, au moins un. disque tour- 

'5 nant ralentisse jusqu'gi une vitesse de rotation 

nulle ; 

pendant que le, au moins un, disque tournant 
ralentit jusqu'^ une vitesse de rotation nulle, on 
forme un couplage acoustique entre un capteur 
20 d'emission acoustique ayant une sortie Slectri- 

que et le moteur de broche pour produire des 
premiers signaux electriques representatifs 
d'emissions acoustiques depuis le moteur de 
broche, comprenant des Emissions acousti- 
cs ques provoquSes par un contact curseur/ 
disque ; 

pendant que le, au moins un, disque tournant 
ralentit jusqu'a une vitesse de rotation nulle, on 
controle la vitesse de rotation du, au moins un. 
30 disque tournant ; 

on contrdle les premiers signaux Slectriques 
pour une premiere indication d*un contact cur- 
seur/disque ; et 

on indique la vitesse de rotation du, au moins 
3S un, disque tournant au moment de la premiSre 

indication d'un contact curseur/disque ; 

on compare la vitesse de rotation indiquee a 

une valeur de seuil associee a une vitesse sou- 

haitSe de dScollage ou d'atterrissage pour les 
40 tStes de I'unitS de disque ; 

lorsque la vitesse de rotation indiquee depasse 

la valeur de seuil : 

on fait tourner le, au moins un. disque de I'unitS 
de disque a une premiere vitesse de rotation 

45 prSsSlectionnSe ; 

on utilise I'une des tStes de I'unitS de disque 
pour ecrire un signal ayant une configuration 
sensiblement uniforme sur le disque respectif 
pendant qu'il tourne a la premiere vitesse de 

50 rotation preselectlonnee ; 

on fait ensuite tourner le disque k une seconde 
Vitesse de rotation prSsSlectionnSe ; 
pendant la rotation k la seconde vitesse de ro- 
tation preselectionnee, on utilise ladite une des 

55 tetes pour relire le signal ecrit k la premiere vi- 

tesse de rotation preselectionnee ; 
on effectue des modulations FM sur le signal 
de relecture dans une bande de frequences 



16 



•: P0804794( B 1 ) f htt p://www.microDatent.com/8384 1 44982 1 2/1 1 648277/EP0804794(B 1 j.tif] 



Page 17 of 23 



31 EP 0 804 794 B1 32 



correspondant a une bande de frequences pro- 
pre de vibrations provoquSes par un contact 
curseur/disque ; et 

on effectue une analyse spectraie de la demo- 
dulation FM pour determiner des amplitudes de 
composantes de frequence du signal de relec- 
ture d6modul6 provoqu6es par un contact cur- 
seur/disque pour determiner la Vitesse de de- 
collage de rune des tetes. 



10 



10. Precede pour tester un contact curseur/disque 
dans une unite de disque comportant un disque en 
rotation et une tete monies au moyen d'un action- 
neur pour un positionnement seiectif de la tete au- 
dessus du disque, la tete ayant un curseur, et un is 
moteur de broche pour faire tourner le disque, com- 
prenant les etapes dans lesquelles : 

on fournit de la puissance au moteur de broche 
pour faire tourner le disque a une vitesse de 20 
rotation pres6lectlonnee correspondant ^ une 
Vitesse de rotation calcuiee pour le disque pen- 
dant une operation nonmale de lecture/ 
ecriture ; 

on preidve ensuite de la puissance du moteur 2S 
de broche afin que le disque ralentisse jusqu'a 
une Vitesse de rotation nulle ; 
pendant que le disque ralentit jusqu'a une Vi- 
tesse de rotation nulle, on utilise une couche 
de flulde pour former un coupiage acoustique 30 
entre un capteur d' emission acoustique ayant 
une sortie electrlque et le moteur de broche afin 
de produire des premiers signaux eiectriques 
representatifs d'emisslons acoustiques a partir 
du moteur de broche, comprenant des emis- 3S 
. sions acoustiques provoquees par un contact 
curseur/disque ; 

pendant que le disque ralentit jusqu'a une Vi- 
tesse de rotation nulle, on controle la Vitesse 
de rotation du disque ; 40 
on controle les premiers signaux eiectriques 
pour une premiere indication d'un contact cur- 
seur/disque ; et 

on indique la vitesse de rotation du disque au 
moment de la premiere indication d'un contact ^5 
curseur/disque. 

11. Procede selon la revendtcation 10. dans lequel le 
fluide comprend de I'alcool. 

so 



ss 
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